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Objective To adapt and standardize the Motor-Free Visual Perception Test-3 (MVPT-3) to Koreans and investigate 
the change in visual-perceptual function using the MVPT-3 in healthy Korean adults. 

Methods The Korean version of the MVPT-3 was developed through a cross-cultural adaptation process 
according to 6 steps, including translation, reconciliation, back translation, cognitive debriefing, feedback, and 
final reconciliation. A total of 321 healthy Korean volunteers (mean age, 51.05 years) were recruited. We collected 
participant demographic data, such as sex, age, and years of education, and performed the Korean version of the 
Mini-Mental State Examination (K-MMSE) and MVPT-3. Internal consistency of the MVPT-3 and the relationships 
between demographic data, K-MMSE and MVPT-3 scores were analyzed. The results of this study were compared 
with published data from western countries including the United States and Canada. 

Results Total score on the MVPT-3 was positively correlated with years of education (r=0.715, p<0.001) and 
K-MMSE score (r=0.718, p<0.001). However, it had a negative correlation with age (r=-0.669, p<0.001). A post-hoc 
analysis of MVPT-3 scores classified age into 5 groups of <49, 50-59, 60-69, 70-79, >80 years and years of education 
into 4 groups of 0, 1-9, 10-12, >13 years. No significant differences in MVPT-3 scores were observed according to 
sex or country. 

Conclusion Visual perception was significantly influenced by age, years of education, and cognitive function. 
Reference values for the MVPT-3 provided in this study will be useful for evaluating and planning a rehabilitation 
program of visual perceptual function in patients with brain disorders. 
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INTRODUCTION 

Visual perception is a process that involves 'visual ac- 
ceptance' and 'visual cognition' through interaction 
between the frontal lobe and parietal lobe in the human 
brain [1,2]. In this process, we accept the visual informa- 
tion from the environment. Next, we organize and inter- 
pret this information. Finally, we act on the basis of these 
processes [3-5]. 

About 35%-75% of patients with brain damage have 
particular impairments in visual perception [6-8]. These 
problems impair independent activities of daily living [1]. 
Furthermore these problems become major obstacles 
to post-stroke rehabilitation [9-14]. Therefore, a precise 
assessment of visual-perceptual function is important 
for planning a rehabilitation program. There are many 
assessment tools for visual-perceptual function being 
employed, such as the Motor-Free Visual Perception-3 
(MVPT-3), Developmental Test of Visual Perception, 
Lowenstein Occupational Therapy Cognitive Assessment, 
and Assessment of Motor and Process Skills. Some tests, 
such as the Test for Visual-Perceptual Skills, were adapt- 
ed specifically for Koreans, although these tests have only 
been standardized for children. 

MVPT-3 is the latest version and contains 65 questions 
from 6 categories: visual discrimination, form consis- 
tency, visual short-term memory, visual closure, spatial 
orientation, and figure ground [15]. The MVPT-3 has 
many advantages over other tools, as it helps physicians 
evaluate the visual-perceptual function regardless of mo- 
tor function. The test is standardized for people aged 4-95 
years, and it is conducted easily within 20-30 minutes 
[16]. Unlike the MVPT-2, which has been standardized 
for children, the scope of the MVPT-3 was expanded to 
adults in 2003. However, until now, the MVPT-3 has not 
been standardized for healthy Korean adults. There- 
fore, evaluations of visual-perceptual function in Korea 
have been done based on manuals and references from 
abroad. In particular, some previous studies have shown 
that the difference in raw scores between healthy Korean 
adults and foreign adults is significant. 

In this study, we adapted the MVPT-3 to Koreans and 
investigated the visual-perceptual function using the 
MVPT-3 in healthy Korean adults to provide reference 
values for clinical purposes. 



MATERIALS AND METHODS 

Adaptation of the MVPT-3 

The Korean version of the MVPT-3 was developed 
through a cross-cultural adaptation process according to 
6 steps including translation, reconciliation, back trans- 
lation, cognitive debriefing, feedback, and final recon- 
ciliation [16,17]. A preliminary forward translation of the 
English version was done to produce the Korean version 
of the MVPT-3. Two experts translated the MVPT-3 stim- 
uli based on related literature [17, 18] . The translation was 
evaluated and modified by 7 experts through regular dis- 
cussions. For example, 'flip the pancake' was changed to 
'turn the rice cake upside down' which is an expression 
more familiar to Koreans. Other questions and evaluation 
methods were retained. A reverse translation was also 
done not by experts in this field but by proficient bilin- 
gual speakers of Korean and English. We clearly reviewed 
the adequacy of translation during these processes, and 
used it as a tool in this study. 

Standardization of the MVPT-3 

The target of this study was healthy Korean men and 
women aged >20 years. We collected MVPT-3 data from 
May 1, 2012 to October 19, 2012 from various facilities 
including universities, community organizations, re- 
gional health care facilities, and nursing homes in Seoul, 
Gyeonggi-do, Gyeongsangbuk-do, and Jeju-do. Partici- 
pants were evaluated under similar conditions (quiet 
place and one-on-one). We reviewed the medical history 
and general information including age, sex, hometown, 
education level, and occupation for each subject. We 
performed the Edinburgh Handedness Inventory and the 
Korean version of the Mini-Mental State Examination 
(K-MMSE) [19]. The following subjects were excluded: 
people who had a score lower than the 2 percentile [20] 
on the K-MMSE; and those who had a history of brain 
injury, stroke, or other neurologic and/or neuropsychiat- 
ric disorders. The test was performed by people who had 
completed training on the given Korean version of the 
MVPT-3. They included physiatrists, occupational thera- 
pists, and graduate students in psychology. 

Approval was obtained from the Institutional Review 
Board of Korea University Anam Hospital. The nature of 
the study was explained to the participants before the 
tests were administered, and informed consent was ob- 
tained in each case. 
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Statistical analysis 

The general characteristics of the participants, K-MMSE 
scores, and MVPT-3 scores are described using mean and 
standard deviation for continuous variables and frequen- 
cy and percentage for categorical variables. Analyses of 
variance (ANOVAs) were used to ascertain the influence 
of age, years of education, sex, and cognitive function. 

We divided the subjects into groups according to age 
and years of education. Ages were divided into 7 groups 
by decade. In addition, years of education were catego- 
rized as follows: 0, 1-6, 7-9, 10-12, and >13 years. We 
performed ANOVA and Bonferroni post-hoc analysis 
between groups. Pearson product-moment correlation 
coefficients were obtained to evaluate the relationships 
between the MVPT-3 scores, age, and years of educa- 
tion. We calculated Cronbach's a between the MVPT-3 
categories for internal consistency. Content validity and 
concurrent validity were not calculated because these 
were verified by the original developer of the MVPT- 



Table 1. Participant characteristics (n=321) 



Characteristic 


Value 


Age (yr) 


51.05±1.17 


Sex (male: female) 


113:208 


K-MMSE 


27.97±2.75 


Edinburgh handedness inventory 
(Rt : Lt : ambidexterity) 


302:12:7 


Years of education 


0 


17 


1-6 


61 


7-9 


33 


10-12 


69 


>13 


141 


Regional distribution 


Seoul 


50(15.6) 


Gyeonggi-do 


39(12.1) 


Chungcheong-do 


48 (14.9) 


Gyeongsang-do 


111 (34.6) 


Jeolla-do 


43 (13.4) 


Gangwon-do 


15 (4.7) 


Jeju-do 


6(1.9) 


Others 


9 (2.8) 



Values are presented meantstandard deviation or num- 
ber (%). 

K-MMSE, Korean version of the Mini-Mental State Ex- 
amination; Rt, right; Lt, left. 



3. Finally, we compared our data with the results of the 
United States and Canadian studies [4,21] by ANOVA to 
determine difference between races. 

The statistical significance level was p<0.05. Statistical 
analyses were performed with the SPSS Statistics ver. 20 
software package (IBM, Armonk, NY, USA). 

RESULTS 

General participant characteristics 

Mean age and years of education of all 321 participants 
were 51.05±1.17 years and 11.50±0.29 years, respectively. 
The mean score on the K-MMSE was 27.97±2.75 points 
(Table 1). 

MVPT-3 scores of healthy Korean adults 

Scores by category and internal consistency of the MVPT-3 
The total mean score on the MVPT-3 was 50.59±9.40 
points. The total score on the MVPT-3 and scores for each 
category are shown in Table 2. The internal consistency 
of the MVPT-3 was high and Cronbach's a between the 
MVPT-3 categories was 0.912 in this study. 

MVPT-3 scores according to age 

Age was significantly negatively correlated with total 
MVPT-3 score (r=-0.669 p<0.001). The ANOVA revealed a 
significant decrease in MVPT-3 score with age in each 10- 
year category after 30 years old (p<0.001) (Table 3). After 
Bonferroni post-hoc analysis, the results led to a regroup- 
ing of the strata corresponding to a more significant in- 
tersection of age (5 groups: 20-49, 50-59, 60-69, 70-79, 



Table 2. MVPT-3 scores for each category 



Subgroup (total score) 


Mean±SD 


Visual discrimination 1 (8) 


7.48±1.09 


Visual discrimination 2 (11) 


8.78±1.86 


Form consistency (5) 


4.66±0.68 


Visual short-term memory 1 (8) 


6.71±1.51 


Visual short-term memory 2 (5) 


3.35±1.27 


Visual closure 1 (13) 


10.69±2.14 


Visual closure 2 (5) 


3.58±1.26 


Spatial orientation (5) 


3.13±1.47 


Figure ground (5) 


2.20±1.34 


Total (65) 


50.59±9.40 



MVPT-3, Motor-Free Visual Perception Test-3; SD, stan- 
dard deviation. 
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Table 3. MVPT-3 scores by decades of age 



Age (yr) 


N 


Mean±SD (median) p-value* 


20-29 


91 


56.73±5.04 (57.69) <0.001 


30-39 


19 


57.68±4.72 (59.00) 


40-49 


35 


56.29±5.66 (56.71) 


50-59 


46 


52.11±5.87 (51.00) 


60-69 


41 


47.61±6.33 (46.50) 


70-79 


69 


42.87±7.98 (45.00) 


>80 


20 


35.20±10.88 (36.60) 


Total 


321 


50.59±9.40 (51.96) 


MVPT-3, Motor-Free Visual Perception Test-3; SD, stan- 
dard deviation. 

*p-value was calculated by analysis of variance (ANOVA). 


Table 4. Result of post-hoc analysis of MVPT-3 scores ac- 
cording to age 


Age (yr) 


N 


Mean±SD (median) pc-value* 


20-49 


145 


56.74+5.14(57.00) <0.001 


50-59 


46 


52.11±5.87 (51.00) 


60-69 


41 


47.61±6.33 (46.50) 


70-79 


69 


42.87±7.98 (45.00) 


>80 


20 


35.20±10.88 (36.60) 


Total 


321 


50.59+9.40 (51.96) 



MVPT-3, Motor-Free Visual Perception Test-3; SD, stan- 
dard deviation. 

*pc-value of intergroup comparison was calculated by 
Bonferroni correction. 



>80 years). Table 4 summarizes the results of the analysis 
assessing the influence of aging on MVPT-3 score. 

MVPT-3 score according to years of education 
The MVPT-3 score and participant years of education 
were positively correlated (r=0.715, p<0.001). An ANOVA 
revealed a significant difference in MVPT-3 score among 
the years of education groups (p<0.001). After a Bonfer- 
roni post-hoc analysis, the uneducated group showed 
extremely low scores on the MVPT-3 compared to those 
in the other groups (Table 5). 

MVPT-3 score, cognitive function, and sex 

No significant difference was observed in the MVPT-3 
score according to sex (p=0.36). As the result of Pearson 
correlation test, we found MVPT-3 and K-MMSE scores 
were positively correlated (r=0.718, p<0.001). 



Table 5. Result of post-hoc analysis of MVPT-3 scores ac- 
cording to education level 



Education level (yr) 


1YT 


Mean±SD pc- 
(median) value* 


Uneducated (0) 


17 


29.64+10.03 (30.00) <0.001 


Primary and middle 


94 


43.81+7.87 (45.00) 


school (1-9) 






High school (10-12) 


69 


51.77+6.77 (56.00) 


College and over (>12) 


141 


56.31+5.29 (57.16) 


Total 


321 


50.59+9.40 (51.96) 



MVPT-3, Motor-Free Visual Perception Test-3; SD, stan- 
dard deviation. 

*pc-value of intergroup comparison was calculated by 
Bonferroni correction. 

Comparison with the MVPT-3 standardized studies in 
foreign countries 

Mean MVPT-3 score was 49.07+10.74 points in the 
United States and 50.40+9.47 points in Canada [21]. No 
significant differences were observed between scores in 
the different countries (p=0.37 for Korea vs. the United 
States; p=0.90 for Korea vs. Canada). 

DISCUSSION 

The purpose of this study was to adapt and standard- 
ize the original version of the MVPT-3 to Koreans and to 
investigate the characteristics of visual-perceptual func- 
tion in healthy Korean adults. The internal consistency of 
the MVPT-3 in this study was as high as that in a previous 
study on the original version of the MVPT-3 [21]. Visual 
perception measured by the MVPT-3 was significantly in- 
fluenced by age, years of education, and cognitive func- 
tion. 

As Korea is becoming an aging society, an increasing 
number of people suffer from various brain disorders 
including stroke and dementia. People are becoming 
more likely to have impaired visual perception as ag- 
ing increases. Many patients with brain disorders are 
hugely frustrated and disappointed with these problems 
[11,22,23]. Visual-perceptual function is necessary for 
independent activities of daily living and gait function 
[1,9-11]. A significant correlation was revealed between 
visual-perceptual function and dysfunction of the non- 
paretic hand in a previous study [24]. Many tools are 
available to evaluate visual perception in western coun- 
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tries. Among these, the MVPT-3 is one of the commonly 
used assessment tool, as it can evaluate visual-perceptual 
function regardless of motor function within 20-30 min- 
utes [16]. The MVPT is also the most used tool by occupa- 
tional therapists in Korea for evaluating visual perception 
in patients with brain disorders [24] . However, the MVPT 
and its latest version, the MVPT-3, have not yet been 
standardized in healthy Korean adults. In this study, we 
provide MVPT-3 reference values according to age groups 
and years of education that will help with clinical and re- 
search use of the MVPT-3. 

Our data of 321 healthy participants showed a signifi- 
cant decrease in MVPT-3 score with aging. The neuro- 
physiological mechanisms responsible for changes 
in visual perceptual function in the elderly are poorly 
understood. Many studies [25] have found the effects of 
normal (non-pathological) aging on visual perceptual 
function in healthy elderly. Some recent neuroimaging 
studies have shown changes in the aging brain and net- 
works activated during visual stimulation such as occipi- 
tal and frontal regions [25]. 

Our results revealed a significant difference in the 
MVPT-3 score in the different education groups. In par- 
ticular, the uneducated group showed a significantly 
lower score compared to that in the other groups. No 
significant difference was observed when we compared 
male and female scores. These results are consistent with 
the results of previous studies that standardized many oc- 
cupational therapy screening tools including the MVPT-V 
[5,15]. Many other studies have reported a positive cor- 
relation between low education level and decreased cog- 
nitive function [4,11]. A study by Cerhan et al. [26] inves- 
tigated test performance on a cognitive function battery, 
including the delayed word recall test, the digit symbol 
subtest of the Wechsler Adult Intelligence Scale, and the 
word fluency test. These scores were positively correlated 
with education level. Other studies have shown that edu- 
cation is a significant predictor of cognitive decline not 
only in the elderly but also in younger subjects [27,28]. 

Finally, no significant differences were observed when 
we compared the results of this study to MVPT-3 stan- 
dardization studies published in the United States and 
Canada [4,21]. A previous study performed in Korea re- 
ported conflicting results [29] . However, that study had a 
relatively small sample size and used the MVPT-2. 

We collected and analyzed data of 321 Korean healthy 



adults. This is the first attempt to standardize the Korean 
version of the MVPT-3 and to set Korean normative refer- 
ences. However, a future study will be needed to provide 
expanded reference values including the pediatric popu- 
lation. 

In summary, we found that visual perceptual function 
decreased with aging, lower education levels, and lower 
cognitive function. We obtained normative references for 
the MVPT-3 on an adult Korean population. Our results 
could be utilized to evaluate visual perception in patients 
with brain disorders. They will also help to plan a reha- 
bilitation program for visual perceptual dysfunction and 
to assess clinical progress after treatment. 
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